What is claimed is: 



1 l. Aprcjection optical system capable of forming an image of an object, comprising, 

2 objectwfse to imagewise, along an optical axis: 

3 a) a fnst lens group having positive refractive power; 

4 b) a second lens group having negative refractive power; 

5 c) a third lens group having positive refractive power; 

6 d) a fourth len§ group having negative refractive power and a first aspherical 

7 surface; 

8 e) a fifth lens groute having positive refractive power and an aperture stop; 

9 f) wherein the projection optical system is designed such that paraxial rays 

10 traveling parallel to tl^e optical axis imagewise to objectwise intersect the 

1 1 optical axis at a location^ between said fourth lens group and said fifth lens 

12 group; 

13 g) at least one of said fourth an)i fifth lens groups includes a second aspherical 

14 surface arranged between said Mte^aspherical and said aperture stop; 

1 5 h) said fifth lens group includes a /nl^d aspherical surface arranged imagewise of 

16 said aperture stop; and 

17 i) wherein the following condition is satf; 
18 

19 0.01 <do/{Lx(l-NA)}< 0.4 \ ^ 
20 

21 wherein the image and the object are separated dy a distance L, said location Q 

22 and said aperture stop are separated by a distance d^ v , and NA is an imagewise 

23 numerical aperture of the projection optical system. 





12. A projection optical system according to claim 1, wherein said aperture stop has a 

2 variable size and is located imagewise of said location Q such that vignetting is 

3 minimized when said variable size is changed. 
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A projection optical system according to claim 1, wherein: 

a) saief first aspherical surface is concave and includes refractive power at a 
paraxial region and refractive power at a periphery, wherein said refractive 
power ^t said periphery is weaker than said refractive power at said paraxial 
region; 

b) said second aspherical surface includes refractive power at a paraxial region 
and refractive^power at a periphery, and is one of: 

i) a convex surface, with said refractive power at said periphery 
weaker than said refractive power at said paraxial region; and 

ii) a concave surface, with said refractive power at said periphery 

\ 

stronger than said refractive power at said paraxial region; and 
\ 

c) said third aspherical sui^ace includes refractive power at a paraxial region, and 
refractive power at a periphery, and is one of: 

i) a convex surface, with said refractive power at said periphery 
weaker than smd refractive power at said paraxial region; and 

ii) a concave surfaq^with said refractive power at said periphery 
stronger than sdSlflVrefractive power at said paraxial region. 

A projection optical system according to claipi 1, wherein said first lens group has at 
least one aspherical surface. 



A projection optical system according to claim 1, ^herein said second lens group has 
at least one aspherical surface. 



A projection optical system according to claim 1, wheretp said third lens group has at 
least one aspherical surface. 



A projection optical system according to claim 1, satisfying tne following conditions 




0.05 < fl/L < 0.5 \ (2) 

0.02 < -f2/L < 0.2 \ (3) 
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5 0.04 <tf3/L < 0.4 (4) 

6 0.03 < -W/L < 0.3 (5) 

7 0.04 < f5/Br< 0.4 (6) 

8 \ 

9 wherein fl through\f5 are focal lengths of said first through fifth lens groups, 
1 0 respectively. \ 

\ 

18. A projection optical syste^n capable of forming an image of an object, comprising, 

2 objectwise to imagewise, along an optical axis: 

3 a) a first lens group having positive refractive power; 

4 b) a second lens group having negative refractive power; 

\ 

5 c) a third lens group having positive refractive power; 

y3 6 d) a fourth lens group having negative refractive power and a first aspherical 

n § 7 concave surface with refractive power at a paraxial region and refractive 

^ . \ 

: ~ 8 power at a periphery, wherein said refractive power at said periphery is weaker 

y 9 than said refractive power at said paraxial region; 

.10 e) a second aspherical surface arrang^jj^magewise of said first aspherical surface 
[7 1 1 and having refractive power at a paraxial region and refractive power at a 

fU 12 periphery, and being one of: \ 

CO ^ \ 

p 13 i) a convex surface, with saidVefractive power at said periphery 

14 weaker than said refractive power at said paraxial region; and 

\ 

15 ii) a concave surface, with said refractive power at said periphery 

16 stronger than said refractive power at paraxial region; 

\ 

17 f) a fifth lens group having positive refractive power\an aperture stop, and a 

\ 

1 8 third aspherical surface arranged imagewise of said aperture stop, wherein said 

1 9 third aspherical surface includes a paraxial region, a periphery and refractive 

20 power and is one of: \ 

^\ 

21 i) a convex surface, with said refractive powerat said periphery 

22 weaker than said refractive power at said paraxial region; and 

23 ii) a concave surface, with said refractive power at^said periphery 

24 stronger than said refractive power at paraxial region; and 
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g) wherein the projection optical system is designed such that paraxial rays 
traveling parallel to the optical axis imagewise to objectwise intersect the 
optical axis at a location Q between said fourth lens group and said fifth lens 
group. \ 

A projection optical system according to claim 8, wherein said first lens group has at 
least one aspherical surfac^ 

A projection optical system according to claim 8, wherein said second lens group has 
at least one aspherical surface. \ 

A projection optical system according to claim 8, wherein said third lens group has a 
least one aspherical surface. \ 

A projection optical system according to claim 8, satisfying the following conditions: 



0.05 <fl/L< 0.5 -VK (2) 

0.02 < -f2/L < 0.2 A (3) 

0.04 < f3/L < 0.4 \ (4) 

0.03 < -f4/L < 0.3 \ (5) 

0.04 < f5/L < 0.4 \ (6) 



wherein fl through f5 are focal lengths of said first through fifth lens groups, 
respectively. \^ 

An exposure apparatus for imaging a pattern present on a reticle onto a photosensitive 
workpiece, comprising: \ 

a) a first stage for supporting the reticle; \ 

b) an illumination optical system adjacent said first stage for illuminating the 
reticle; \ 

c) a second stage for supporting a workpiece; and \ 
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d) a projection optical system arranged between said first stage and said second 
stage, sJudj>rojection optical system comprising in order from said first to said 
second stage: 

\ 

i) a f^rst lens group having positive refractive power; 

\ 

ii) a second lens group having negative refractive power; 

iii) a thifcl lens group having positive refractive power; 

V\ 

iv) a fourth lens group having negative refractive power and a first 
aspherical surface; 

v) a fifth lens group having positive refractive power and an aperture 
stop; 

vi) wherein the projection optical system is designed such that paraxial 
rays traveling parallel to the optical axis imagewise to objectwise 
intersect the optical axis at a location Q between said fourth lens group 
and said fifth lens group; 

vii) wherein at least one of said fourth and fifth lens groups includes a 
second aspherical\urface arranged between said first aspherical 
surface in said fourth lens group and said aperture stop; 

viii) wherein said fifth lens j&oup includes a third aspherical surface 
arranged imagewise cflPsaid aperture stop; and 

ix) wherein the following condition is satisfied: 

0.01 < do/{L x (1 -\NA)} < 0.4 (1) 

\ 

wherein said image and said object are separated by a distance L, said 
position Q and said aperture stop are separated by a distance dq, and 

NA is an imagewise numerical aperture of the projection optical 

\ 

system. \ 

\ 

An exposure apparatus according to claim 13, wherein said reticle stage and said 

. \ 

workpiece stage are moveable along a scanning direction, and said projection optical 

\ 

system includes an exposure field having a first dimension orthogonal to said 

\ 
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scanningVlirection and a second dimension along said scanning direction, wherein 
said first dimension is greater than said second dimension. 




15. An exposure appaj$tus according to claim 14, wherein said first dimension is at least 
25 mm. 
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A method of patterning a photosensitive workpiece with a pattern present on a reticle, 
the method comprising the steps of: 

a) illuminating the reticle; 

b) projecting light from said reticle with the projection optical system as set forth 
in claim k and 



c) exposing safd photosensitive workpiece over an exposure field. 
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17. 



A device manufacturing method comprising the steps of: 

a) coating a photosensitive material onto a substrate; 

b) projecting onto said substrate the image of a pattern of reticle through the 
projection optical system serforth in claim 1; and 

c) developing said photosensitive material on said substrate, thereby forming a 
photoresist pattern. 



1 

2 
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A method according to claim\17, filfther comprising the step, after said step c), of 
forming a pattern in said subsfrate Vasecl on said photoresist pattern. 
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19. 



A projection optical system capable of forming an image of an object, comprising, 
objectwise to imagewise along an optical axis: 

a) a first lens group having positive refractive power and a plurality of lenses 
including a negatitfe lens; 



b) 



c) 



a second lens grdujrhaving negative refractive power and a plurality of 
negative lenses; 

a third lens group having pbsitive refractive power and a plurality of positive 
lenses; 
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d) a fourth lens group having negative refractive power; 

e) a fifth lens group having positive refractive power and a plurality of lenses 
including a negative lens; and 

f) an imagewise maximum numerical aperture NA^x of at least 0.8. 



A projection optical system according to claim 19, further including an aperture stop 
located in said fifth lens group. 



A projection optical system according to claim 20, further satisfying the following 
condition: \ 



0.01 < x 0 - NA W < °- 4 0) 

wherein said image and said object are separated by a distance L, Q is a position 
located a distance dq from said aperture stop wherein paraxial rays traveling parallel 
to the optical axis imagewise tcfmbjectwise intersect the optical axis, and wherein NA 
is an imagewise numerical aperture of the projection optical system. 



A projection optical system according to claim 20, further including an exposure field 
having a dimension of at least 25 mm. 



A projection optical system according^to claim 20, wherein the number of lenses 
objectwise of said aperture stop is at least six, and the number of lenses imagewise of 
said aperture stop is at least four. 



A projection optical system according to claim 20, wherein said aperture stop has a 
variable size such that the projection optical system has a numerical aperture NA 
satisfying the relation: 

\ 

0.6 x NA^ sNA^ NAmax . \ 
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rojection optical system according to claim 20, wherein the optical axis is 
bided. 




A projection optical system having specifications and characteristics as set forth in 
Tables lY-lC. 



A projection\>ptical system having specifications and characteristics as set forth in 
Tables 2A-2C: 




A projection optica^ system having specifications and characteristics as set forth in 
Tables 3A-3C. 



A projection optical systqji having specifications and characteristics as set forth in 
Tables 4A-4C. 



A projection optical system according to claim 8, satisfying the following conditions 




0.05 < fl/L < 0.5 \ (2) 

0.02 < -f2/L < 0.2 \ (3) 

0.04 < G/L < 0.4 \ (4) 

0.03 < -f4/L < 0.3 \ (5) 

0.04 < fS/L < 0.4 \ (6) 



wherein fl through f5 are focal lengths of said fkst through fifth lens groups, 
respectively. \ 

A method of patterning a photosensitive workpiece over an exposure field with a 
pattern present on a reticle, the method comprising the steps of: 

a) illuminating the reticle with light; 

b) projecting the light from the reticle with the projection optical system as set 
forth in claim 8; and 
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c) 



exposing the photosensitive workpiece over the exposure field. 



A projection optical system according to claim 1 , wherein: 

(a) said first asphericai surface is concave and includes refractive power at a 
paraxial region and refractive power at a periphery, wherein said refractive 
power at said periphery's weaker than said refractive power at said paraxial 
region; 

(b) said second asphericai surface including refractive power at a paraxial region, 
and refractive power at a periphery, wherein said refractive power at said 
periphery is more negative than sajd refractive power at said paraxial region; 
and 

(c) said third asphericai surface including Isefractive power at a paraxial region, 
and refractive power at a periphery, wher&n said refractive power at said 
periphery is more negative than said refractWe power at paraxial region. 



An exposure apparatus for imaging a pattern present on a reticle onto a photosensitive 



workpiece ^comprising : 

(a) a firstVage for supporting the reticle; 

\ 

(b) an illumination optical system adjacent said first stage for illuminating the 
reticle; 

(c) a second stage for supporting the workpiece; and 

(d) a projection optical system arranged between said first stage and said second 
stage, said projection optical system comprising in order from said first to said 
second stage: 

(i) first lens group having positive refractive power; 

(ii) a second lens group having negative refractive power; 

(iii) a third lens group having positive refractive power; 

(iv) a fourth lens group having negative refractive power and a first 
asphericai concave surface with a paraxial region, a periphery and 

refractive power, wherein said refractive power at said periphery is 

\ 

weaker than said refractive power at said paraxial region; 
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(v) a second aspherical surface arranged imagewise of said first aspherical 
surface and having a paraxial region, a periphery and refractive power, 
saidWst aspherical surface being one of: 

(1) \ a convex surface, with said refractive power at said periphery 
weaker than said refractive power at said paraxial region; and 

(2) awncave surface, with said refractive power at said periphery 
stronger than said refractive power at said paraxial region; 

(vi) a fifth lens group having positive refractive power, an aperture stop, 
and a third aspherical surface with a paraxial region, a periphery and 



refractive power, said third aspherical surface being one of: 

(1) a convex\urface, with said refractive power at said periphery 
weaker than said refractive power at said paraxial region; and 

(2) a concave surface, with said refractive power at said periphery 
stronger than\aid refractive power at said paraxial region; and 

(vii) wherein the projection optical system is designed such that paraxial 



rays traveling parallel to^the optical axis imagewise to objectwise 

\ 

intersect the optical axis at^a location Q between said fourth lens group 
and said fifth lens group. 



\ 

An exposure apparatus according to claim 33,\wherein said first stage and said second 

\ 

stage are movable along a scanning direction, and said projection optical system 

includes an exposure field having a first dimension orthogonal to said scanning 

\ 

direction, and a second dimension along said scanrung direction, wherein said first 
dimension is greater than second dimension. \^ 



An exposure apparatus for projecting a image of a pattern present on a reticle onto a 

photosensitive workpiece, comprising: \ 

\ 

(a) a first stage designed so as to be movable along a scanning direction and to 
support the reticle; \ 

(b) an illuminating optical system adjacent said first stagq arranged so as to 
illuminating the reticle with light; 
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(c) 


a second sti^ge designed so as to be movable along at least said scanning 

\ 

direction, for supporting the photosensitive workpiece; 

a projection optical system, arranged between said first stage and said second 


8 
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(d) 


10 




stage, having a plurality of lenses and an aperture stop, said plurality of lenses 

\ 


11 




and said aperture stop designed such that said light from said reticle is capable 


12 




of being guided to an exposure field on said substrate with an imagewise 


13 




\ 

maximum numerical aperture of at least 0.8; and 


14 




wherein ^fllH Pynn^lirP flf*1H VlJlQ a fir«3t HimPtldnn r%riY\r\CTf\nc\\ \c\ cairl c/^anninrr 
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direction, and a second dimension/jilong said scanning direction, wherein said 


16 




first dimension is greater thanirefid second dimension, and wherein said first 


17 




dimension is at least 15mm. l \ 



1 36. A exposure apparatus according to claim 35,Vvherein said exposure field has a slit 

2 shape, with said first dimension of said slit shape being at least 25mm. 

\ 

1 37. A exposure apparatus according to claim 34, wherem at least one of said plurality of 

2 lgnses includes an aspherical surface. v \ 



1 38. 



6 
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A method of pattering a photosensitive workpiece with a pattern present on a reticle, 
the method comprising the steps of: 



(a) 



(b) 



(c) 




illuminating the reticle with light from said illuminating optical system of said 
exposure apparatus of clami 35; 

projecting the light from tha reticle with the projection optical system of said 
exposure apparatus of claim 35 ; and 

exposing said photosensitive wbrkpiece over said exposure field. 
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